Leucine dehydrogenase [EC 1.4.1.9] was purified to homogeneity from Corynebacterium pseudodiphtheriticum ICR 2210. The enzyme consisted of a single polypeptide with a molecular weight of about 34,000. Stepwise Edman degradation provided the TV-terminal sequence of the first 24 amino acids, and carboxypeptidase Y digestion provided the C-terminal sequence of the last 2 amino acids. Although the enzyme catalyzed the reversible deamination of various branched-chain I -amino acids, Lvaline was the best substrate for oxidative deamination at pH 10.9 and the saturated concentration. The enzyme, however, had higher reactivity for L-leucine, and the kcJKm value for L-leucine was higher than that for L-valine. The enzyme required NAD+as a natural coenzyme. The NAD+analogs 3-acetylpyridine-NAD+ and deamino-NAD+ were much better coenzymes than NAD+.The enzyme activity was significantly reduced by sulfhydryl reagents and pyridoxal 5'-phosphate. D-Enantiomers of the substrate amino acids competitively inhibited the oxidation of L-valine.
(Leu DH) [EC 1.4.1.9] catalyzes the reversible deamination of branched-chain and straightchain L-amino acids. It occurs not only in the endospore-forming bacteria, bacilli1 2) and clostridia,3) but also in the nonsporing bacteria Corynebacterium pseudodiphtheriticum, C.
sepedonicum, and Alcaligenes faecalis.2) Although the enzymes have been purified to homogeneity and characterized from B. subtilis^B. sphaericus,2) B. cereus,5) B. stearothermophilus,6) and B. caldolyticus^little attention has been paid to the enzymes from the nonsporing bacteria. The activity staining of the enzymeafter disc gel electrophoresis of a crude extract from C. pseudodiphtheriticum ICR 2210 gave a stained band which was different in mobility from that of the hexameric Leu Enzymepurification. All the procedures were done at 0-5°C except for Mono Q column chromatography, and potassium phosphate ,buffer containing 0.01 %2-mercaptoethanol was used unless otherwise stated. The washed cells (about 500g, wet weight) were suspended in 2 1 of 0.1 m buffer (pH 7.2) and disrupted by sonication. The intact cells and cell debris were removed by centrifugation at 10,000xg for 30min. To the cell extract (2,040ml) was added 1.0ml of 1.5% protamine sulfate solution (pH 7.2) per lOOmg of protein with stirring. After 10min, the mixture was centrifuged at 10,000 xg for 20min and the bulky precipitate was discarded. The supernatant solution (2,350ml) was brought to 40% saturation with solid ammonium sulfate. The precipitate collected by centrifugation at 10,000xg for 30min was dissolved in 10mM buffer (pH 7.4) and dialyzed against the same buffer. The inactive precipitate formed during dialysis was removed by centrifugation at 10,000xg for 30min. The enzymesolution (550ml) was put on a DEAE-cellulose column (4.7 x 35.5cm) equilibrated with 10mM buffer (pH 7.4). After the column was washedthoroughly with the same buffer and then with the buffer supplemented with 50mM KC1, the enzyme was eluted with the buffer containing 0.1 m KC1. The active fractions were pooled and concentrated with a Pellicon labocasette (PTGC OLG M2 membrane, Nihon Millipore Ltd., Tokyo). The enzyme solution (83 ml) was dialyzed against 1 mMbuffer (pH 7. The enzyme was put on a 5'-AMP-Sepharose4B column (1.2 x 9.7cm) equilibrated with 0.1 m potassium phosphate buffer (pH 7.2) containing 0.01 %2-mercaptoethanol and 10% glycerol.
The enzyme was eluted with 10mM potassium phosphate buffer (pH 7.4) containing 0.01% 2-mercaptoethanol and 10%glycerol. The eluate was collected in 4.0-ml portions. focusing of the enzyme in polyacrylamide gel was done as described by Righetti and Drysdale18) with carrier ampholytes in the pH range of3.5 to 7.0 at 4°C. After electrophoresis, the gel was sliced into 2-mm sections and soaked in 0.5ml of distilled water to extract the enzyme. The pH and the enzymeactivity were measured.
Estimation of molecular weight. The molecular weight of the enzyme was estimated at room temperature by highperformance liquid chromatography on a TSK G3000SW column (0.75 x 60cm, Tosoh) at a flow rate of0.7ml/min with an elution buffer consisting of 50mM potassium phosphate buffer (pH 7.2) containing 0.2m KC1. A calibration curve was made with the following proteins: yeast glutamate dehydrogenase (mol. wt., 290,000), pig heart lactate dehydrogenase (142,000), yeast enolase (67,000), yeast adenylate kinase (32,000), and horse cytochrome c (12,400). The molecular weight of the enzyme was also estimated by SDS-disc gel electrophoresis.17) Standard proteins used were catalase (mol. wt., 60,000), ovalbumin (43,000), yeast alcohol dehydrogenase (37,000), a-chymotrypsinogen A (25,700), and myoglobin (17, 200) .
Analysis of N-and C-terminal amino acid sequence. The N-terminal amino acid sequence analysis of the enzyme was done by automated Edman degradation with an Applied Biosystems 470A gas-phase protein sequencer. The phenylthiohydantoin amino acid derivatives (PTH) were identified by an on-line PTH analyzer 120A (Applied Biosystems) with a PTH-C18 column. About 0.25 nmol of the enzyme dissolved in 70% formic acid was used. The Cterminal amino acid sequence was analyzed by the carboxypeptidase Y digestion method.19) Carboxypeptidase Y (0.5nmol) was added to 28.6nmol of the enzyme in 0.4 ml of 0.1 m pyridine-acetate buffer (pH 5.6) containing 1% SDS, and incubated at 25°C. Samples (60-jul) were withdrawn and the reaction was stopped by addition of 10/^1 of glacial acetic acid. After addition of 430//I of 0.02m HC1, the sample was centrifuged at 15,000xg for 10min. The supernatant solution (250/zl) was put on the column (4x150mm) of an amino acid analyzer (Hitachi model 835).
Results
Purification of the enzyme from C. pseudodiph theriticum
The enzyme was purified about 320-fold from the crude extract by this procedure ( Table I ). The purified enzyme is homogeneous as judged by disc gel electrophoresis and SDSdisc gel electrophoresis (Fig. 2) . The band stained for activity coincided with the protein band obtained by electrophoresis of the native enzyme.
Molecular weight and isoelectric point The molecular weight of the enzyme was approximately 34,000 by gel filtration on a TSKG3000SWcolumn. The value was not changed by the addition of 10% glycerol to the elution buffer. The molecular weight was also estimated to be about 34,000 by SDS-disc gel electrophoresis.
These results suggested that the enzyme is composed of a single polypeptide chain. The isoelectric point of the enzyme was 5.5.
Stab ility
The enzyme could be stored at -20°C in 10mM Tris-HGl buffer (pH 8.0) or potassium phosphate buffer (pH 7.4) containing 0.01% 2-mercaptoethanol, 0.1 m KC1, and 50% glycerol for several monthswithout apparent loss of activity. Theenzymewasstable up to 35°C, when heated for lOmin in 10mMpotassium phosphate buffer (pH 7.4).
Effects of pH on the enzymeactivity The enzymewas most reactive at about pH 10.9 for the oxidative deamination of L-valine and L-leucine. The pH optima for the reductive amination of a-ketoisovalerate and a-ketoisocaproate were 9.5 and 10.0, respectively, in the presence of 0.75 m NH4C1~NH4OHbuffer.
Substrate specificity In addition to L-valine and L-leucine, which were the preferred substrates for the oxidative
and DL-allylglycine served as substrates (Table  II) . All of the keto analogs of the substrates for the oxidative deamination served as substrates for the amination reaction (Table III) . The best substrate was a-ketoisovalerate, a keto analog of valine. Ammoniawas the exclusive substrate as an aminodonor for the reductive 
homoserine, and 4-aza-DL-leucine. The Amwas obtained from the secondary plots of intercepts versus reciprocal concentrations of the substrate.
The apparent Kmwas calculated from LineweaverBurk plots. NAD+gave intersecting straight lines (Fig. 3 ).
This shows that the reaction proceeds through a sequential mechanism.20* The Kmvalues for 25 mM,respectively, from the secondary plots.
Coenzymespecificity
The enzyme required NAD+as a natural coenzyme for oxidative deamination and NADP+ was virtually inert as a coenzyme. Some analogs ofNAD+served as a coenzyme (Table IV) . 3-Acetylpyridine-NAD+ and deamino-NAD+ were much better coenzymes than NAD+.
Inh ib itors
The enzyme was inhibited strongly by pchloromercuribenzoate (1 fiM), HgCl2.(10^m), and 4,4/-dithiopyridine (0.1 mM). Cu2+ inhibited it slightly (10% at 1 him). The other metal ions (lmM) such as Mg2+, Co2+, and Mn2+
were not inhibitory.
EDTA, a^-dipyridyl, NaF, NaN3, and Na2SG4 has no effect on the Gly-Val-Phe-Thr-His-ValAsp-PheMet-Thr-Leu-Glu-He-Phe-Glu-Tyr-LeuGlu-LysMet-Glu-Leu-Phe-Gln-Tyr-Met-GluLysMet-Glu-Leu-Phe-LysTyr-Met-Glu-ThrMet-Glu-Leu-Phe-LysTyr-Met-Glu-Thr- 20 24 Asp-Gln-His-Glu-Gln-Val-ValTyr-Gly-His-Asp-Asp-Ala-Ala-Gly-LeuTyr-Asp-Tyr-Glu-Gln-Val-ValPheTyr-Asp-Tyr-Glu-Gln-Val-Leu-Phe-X-Gln-Asp-Lys-Glu-Ser-Gly-Leu-LysTyr-Asp-Tyr-Glu-Gln-Val-Leu-Phe-Cys-Gln-Asp-LysGlu-Ser-Gly-Leu-LysTyr-Asp-Tyr-Glu-Gln-Val-Leu-Phe-X -Gln-Asp-Lys-Glu-Ser-Asnbuffer (pH 8.0) at 30°C for 30min and then assayed at pH 8.0 in the presence of 0.2mM pyridoxal 5'-phosphate, the enzyme activity decreased to 34%of that of the native enzyme.
N-Terminal and C-terminal amino acid sequences
The first 24 amino acids at the N-terminus of However,these enzymesfrom nonsporing bacteria had not been purified and characterized. The Corynebacterium enzyme is unique in the sense that it is a monomer, while Leu DHs from the endospore-forming bacteria are composed of six2~4 6) or eight5 7) identical subunits and Val DH from streptomycetes is a dodecamer,n) a tetramer,12) or a dimer.13) This is the first example of a monomericLeu DH.
Among the amino acid dehydrogenases studied so far, the monomericstructure has been reported only for alanine dehydrogenase from halophilic bacteria. 
